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(54) Coating composition 



(57) A coating composition compnsing of ^ resin solid content of 

(i) a mixture of copolymers comprising a 10% to 9 0 WW ' , ht jn terms of the resin solid 
a copolymer having an active hydroge .group and (bj 90% tolO* W m£)re thgn that of 
content, of an acrylic copolymer resin having a ^^^SSir^SJn dispersed pigment, and 
said copolymer and having an acflve WW™9™P™ vo W ■ a thgt of ^ copo , Ym er. 

(ii) a curing agent having a solubility parame J^g™*"™" °° vi ° r excellent CO ating properties (e.g., 

- h» 3 90 ° d ~* 90 ° d 

Adhesiveness to the substrate, and moating adhesiveness. 



Formuiae .n the primed specification were reproduced from drew.n 9 s subbed after the date of *» in eccordance with 
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SPECIFICATION 
Coating composition 
BACKGROUND OF THE INVENTION 

ZB^ttJttZXX&ZSZ-. — — * ,0 

recoating adhesiveness. ^mnnqition bv which a coating having .a deep 

The present invention also relates to a coating composrtion wn a a 
tone can be formed by ensuring that the upper layer of he ffgJffSSSSio of the 

»3Sft i»'^rKr-2VJa ^ *. UPP er ^ of w 

15 , *TjSSSd5^^ be used as fina.-coat paints for automobi.es. paints for 

exteriors of buildings, and paints for metal substrates, etc. 

2. Description of the Related Art construction materials, etc., 20 

20 In the final-coating of automobiles, etc., or resistance, solvent resis- 

coatings having an excellent appearance and »^Km^Sb«So resin paints, alkyd 
tance. dirt resistance, etc., are req uired J^JJ^^S^JJiS work have an 
resin paints, polyester res.n Paf^conventionally used ' ™ r _ 9 ™™ n J e % vent resistance, end 
excellent coating appearance, they ^ <£«"«*™° desSd Accordingly, various pro- 25 
25 dirt resistance, and an improvement of these ProperMes ««jw been proposed to coat a 

f^eS^pta^ 

30 Stolgto this publication, by using ■JJKiS^^ 

fluoroolefln, cyclohexylvinyi ether; a kylvinyl. e her. an \^^^BO^i within a short 
stituents. not only is the curability .mprove ■JJJJ e ™ ^ Jl" weathering-resistant 

ing resin composition for paint comprising a fluomw«on J™ "^Jj^ exce n en t water 
disclosed that a solid color paint, metallic P^^^J^'SShad by using a thermo- 
resistance. solvent resistance, weathering resistance ate can Jjowj^a y a c£)ntaini 

40 setting resin composition for l«J^S!Sffl ^Jl ester of acrylic acid 

45 composition containing a fluorine-contammg copo lymer «^ «PP««» with 8 

having an excellent weathering resistance < ver a long term 8 n J ^^^J^ a top c , ear 
high gloss and good sharpness can be 

paint comprising a polyol component comprising •J^^S^J f and another copolymer 
50 I=£ StSBTftSfi^ ^SSffSS- PO-yHVdric isocyanate 
50 ::ScM < ?^-JffffJSSS?«^ -in such as a 

55 ^^-SSS!^ to th; — or 

recoating. adhesiveness are poor. n |„ me nt.disDersed type top-coat of the prior art has 

these two antagonistic requirements. fluorine type resin on 

As described above, attempts have b en made ,n the P r '°l 8rt to c f J a mu|ate the re Y s in in the 
the exterior coating- or formulate the resin on the exte tooM^ ^Jf^ weathering resistance, 
65 rntrr.S,"E t1^«5R: «« the appearance Is bad, 65 
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45 



<5sp - { VVrnl .Sm\ + VVmh.<Jmh/<Vml + Vmh) 
(ml: low Sp solvent, mh: high Sp solvent, 6: 
solubility parameter, V: molecular vofume at 
turbidity point) 



as mention d above, and the adhesiveness to the undercoat or recoating adhesiveness are also 
bad. Conversely, if an attempt is made to improve the appearance of the coating, a problem 
arises in that coating properties such as weathering resistance, solvent resistance, and dirt 
resistance, etc., become unsatisfactory. 
5 . . 5 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to provide a copolymer-contaming coating ^ 
composition which provides an exterior top coating having excellent coating properties such as 
weathering resistance, solvent resistance, and dirt resistance, and having a good appearance, 
10 adhesiveness to the substrate and recoating adhesiveness, by solving the problems of the prior 10 
art as described above. . 

Other objects and advantages of the present invention will be apparent from the following 

de |n C accordan(?e with the first embodiment of the present invention, there is provided a coating 
15 composition which comprises: ... 
(i) a mixture of copolymers comprising (a) 10% to 90% by weight, in terms of the resin solid 
content, of a copolymer having an active hydrogen group and (b) 90% to 10% by weight, in 
terms of the resin solid content, of an acrylic copolymer resin having a solubility parameter 
greater by 0.5 or more than that of the copolymer and having an active hydrogen group, and 
20 (ii) a curing agent having a solubility parameter greater by 0.5 or more than that of the 20 
copolymer. 

The use of such a copolymer-containing coating composition can solve the above problems. 
In accordance with the second embodiment of the present invention, there is also provided a 
coating composition which further contains, in addition to the above-mentioned essential con- 
25 stituents, a pigment dispersed in the above-mentioned acrylic copolymer resin. 25 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

As described above, according to the present invention, by applying a coating of a formulation 
of a copolymer having an active hydrogen group with a specific acrylic copolymer resin on a 
30 conventional overcoating, the weathering resistance, solvent resistance, and dirt resistance, etc., 30 
of the cover-coat can be greatly improved, also, for example, the undercoat adhesiveness or 
recoating adhesiveness can be improved, without impairing the characteristics of the fluorine- 
containing copolymer and/or silicon-containing copolymer, and in addition, costs can be reduced 
without impairing the characteristics of the expensive fluorine-containing resin and/or silicon 
35 containing copolymer, thus also having a great economical effect. . 35 
The acrylic copolymer resin having an active hydrogen group and the curing agent to be used 
in the present invention are both essentially required to have specific solubility parameters as 
mentioned above, and the solubility parameter (i.e. SP value) Ssp is determined by the formula of 
K W SUH/J.M. CORBETT (Journal of Applied Polymer Science, 12, 2359, 1968) shown below. 
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Coating compositions comprising mixtures of copolymers having an active hydrogen group and 
acrylic copolymers have been known in the prior art, but all are products of a compromise by 
which the characteristics of the above copolymer are sacrrfied to some extent, and it is pre- 
sumed that the above copolymer is compatible with the acrylic resin, or no reference is made to 
50 compatibility. In contrast, the composition according to the present invention requires that the 50 
above copolymer should be incompatible to some extent with the acrylic resin, and this is 
defined by the solubility parameters as specified above. That is, in the present invention, the 
solubility parameters of the acrylic resin and the curing agent must be values greater by 0.5 or 
more, relative to the solubility parameter value of the above copolymer. 
55 The coating obtained from the mixture of resins incompatible with each other or a mixture of 55 
resins which are incompatible t some extent; as mentioned above, tends to separate into two 
' layers, during setting or baking, because it is per se incompatible. At that time, the resin 
component with a smaller surface energy is liable to be oriented, i.e., floating at the top portion 
of the coating film, on the coating surface. Since the solubility parameter value and the surface 
60 energy have a parallel relationship, the copolymer component with the lower solubility parameter 60 
value is liable to be oriented on the c ating slirface, whereby the surface has the characteristics 
of the above copolymer, but conversely, the lower portion of the coating has the characteristics 
of the acrylic resin. Further, when a pigment is dispersed in the acrylic resin, the resin compo- 
nent containing the pigment with a greater solubility parameter value is oriented in the lower 
65 layer pf th coating, but conversely, a clear layer with a greater solubility parameter value is 65 
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liable to be orient d on the upper portion of the coating. Because a clear layer is formed at the 

Srbowfc group «c is smaller than 0.5, the compatibility of these acryhc copolyme ream and 
15 curin7agent is good/whereby the surface orientation effect of the copolymer as mem oned 15 
above cannot be exhibited. On the other hand, when the spluMrty %™f«*^*^ ly/mWi 
copolymer resin and the curing agent exhibits a value smaller t na VS h °7^ 
the surface orientation tendency of the acrylic resin is reversed, whereby the characterises ot 
the abovfcopolymer cannot be made available. The solubility parameter value of the acnfhc 
20 Copolyme" aTd Kcunng agent desirabiy should be ^i^^i^S^ 
1 5 than the Sp value of the fluorine-containing copolymer and the s' 110 ?"^ 0 "^ 1 "'"^^,^,.- 
The coment of 'the co P o.ymer having the above active hydrogen group -n the copolyme r i^xture 

S £e substrate is poor, the costs are higher, and the shielding charactenstic 's "ndes.rably 
d£d2 The f contem of tl!e above-menfioned copolymer is preferably within the range of 20% 

• %l°?he b Lpo!?me r having the active hydrogen group according to the present invention for g 
30 example there may be included copolymers having one or more bonds such as -OH. "COOH 
30 e ^P%™" E a -S,o H -SiH etc such as fluorine resin, silicon resin, acrylic resin, polyester 
Sfe 2$ A JSUStf^ Serine ^«^&JS£& n S£J 
be preferably a fluorine containing copolymer comprismg 40 to 60 mol% °*™™ 6 ™'£ r 10 
mol% of cyclohexylvinyl ether, 15 to 5 mol% of alkyly.nyl ether and 0 to 30 m °'^ ^ 35 
35 comonomers. Of the above fluorine copolymers, as disclosed n Japa inese Patent ™™*» n 
Kokoku) No. 60-21686 as mentioned above, those with too low a content of fluoroolefir i are 
Lot Sarah e with respect to weathering resistance, and those with too high a fluoroolefin 
content tend^ tobe disadvantageous from the aspects of manufacturing costs AUso those with 
fo How ^content of cyclohexylvinyl ether tend to have an undesirably lowered hardness , n the 

content of hydroxyalkylvinyl ether not only has a lowered solubiHty of the .copolymer 'n organ 
45 solvents but also a lowered flexibility of the coating, and conversely, if the content is too low. 
thVdurabZ and adhesiveness of the coating tend to be undesirably lowered. As the fluoroo- 
efin pematooSs particularly chlorotrifluoroethylene or tetrafluoroethylene, are prefemad. As 
S XXTSher, those having straight or branched alkyl group of 2 to 8 carbon atoms, 
Darticularlv with alkyl groups having 2 to 4 carbon atoms, are preferred. _ 
50 P Z ^abirfluonne-containing copolymer can also contain comonomers^ *£j 30 

etcTto act^n a monomeric 'mixture at predetermined proportions ir , the , co-presence of a 
„„uL Qri , a ti 0 n ^Briiurn le.a.. aromatic hvdrocarbon such as xylene, tolu n , etc., and ester typ, 
IZTiS organic soTverrt). The copolymerization reaction temperature is not part.cu.ariy umited 
60 but it is necessary to maintain a general temperature sufficient for cleavage of the polymer.zat.on 

init As t0 tne silicon r sin to be used in the present invention, any resin-containing silicon element in 
th r s!n can b used, and is generally an organopolysiloxane, a copolymer having a structure of. 
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(wherein R is C,^ alkyl group or phenyl group) introduced into the resin structure. To obtain 
such a copolymer, it is possible to use the method in which an organopolysiloxane is mixed into 
a copolymer containing no silicon element, and then a condensation reaction is conducted in the 
presence of heat or a catalyst. Alternatively, the method in which an organopolysiloxane is 

15 reacted with a vinyl monomer having active hydrogen such as acrylic acid, methacrylic acid, etc., 15 
to prepare a vinyl monomer containing silicon, and then another vinyl monomer is copolymerized 
therewith, can be used. 

The acrylic copolymer resin having the active hydrogen group to be used in the present 
invention can be obtained by copolymerization of various ethylenic monomers according to 

20 conventional methods. Examples of such ethylenic monomers may include aromatic vinyl mono- 20 
mers such as styrene, a-methylstyrene, o-methylstyrene, m-methylstyrene, p-methylstyrene, p- 
tertbutylstyrene, benzyl acrylate, benzyl methacrylate, etc.; acrylic acid or methacrylic acid esters 
(methyl acrylate> ethyl acrylate, isopropyl acrylate, n-propyl acrylate, n-butyl acrylate, isobutyi 
acrylate, methyl methacrylate, ethyl methacrylate, isopropyl methacrylate, n-propyl methacrylate, 

25 n-butyl methacrylate, isobutyi methacrylate, 2-ethylhexyl acrylate, n-octyl acrylate, dodecyl aery- 25 
late, lauryl acrylate, 2-ethylhexyl methacrylate, n-octyl methacrylate, dodecyl methacrylate, lauryl 
methacrylate, stearyl methacrylate, tridecyl methacrylate, addition reaction products of oil fatty 
acids with acrylic acid or methacrylic acid ester monomer having oxirane structure (e.g., addition 
reaction product of stearic acid with giycidyl methacrylate), itaconic acid ester such as addition 

30 reaction product of an oxirane compound having C 8 or more alkyl group with acrylic acid or 30 
methacrylic acid (dimethyl itaconate, etc.), maleic acid ester (dimethyl maleate, etc.), fumaric acid 
ester (methyl fumarate, etc.), ecrylonitrile, methacrylonitrile, vinyl acetate and other ethylenic 
monomers. Examples of the ethylenic monomer having active hydrogen may include ethylenic 
monomers having hydroxyl group such as hydroxyethyl acrylate, hydroxypropyl acrylate, hydroxy- 

35 butyl acrylate, hydroxymethyl methacrylate, hydroxyethyl methacrylate, hydroxypropyl methacry- 35 
late, hydroxybutyl methacrylate, N-methyiolacrylamide, allyl alcohol, etc.; and ethylenic monomers 
having carboxylic group such as methacrylic acid, crotonic acid, ethacryl acid, propylacrylic acid, 
isopropylacryiic acid, itaconic acid, maleic anhydride, fumaric acid, etc. 
The acrylic copolymer resin can be obtained according to general methods, for example, by 

40 formulating the above , various monomers at predetermined proportions, respectively, and poly- 40 
merizing the mixture in a conventional manner. For example, a monomeric formulation is mixed 
with a known polymerization batalyst (e.g., azobisisobutylonitrile, benzoyl peroxide, etc.), and 
adding the mixture dropwise into a reaction vessel containing a solvent (e.g., xylene, toluene, 
mineral Spirit, etc.) heated to a polymerizable temperature (e.g., 60 to 140°C>, followed by aging. 

45 As described above, the acrylic copolymer resin is required to have a solubility parameter 45 
which is greater by: 0.5 or more than that of the above copolymer, and such a solubility 
parameter can be calculated by use of the sp values of the homopolymer of the, respective 
monomers, to give the sp value of the resin constituted of the respective monomers as shown 
in "Introduction to Synthetic Resin for Paint", written by Kyozo Kitaoka, p. 171, Table 10-3, 

50 published by Kobunshi Kankokai, and therefore, can be controlled by a selection of desired 50 
monomers. 

As the curing agent having an sp value greater by 0.5 or more than that of the above 
copolymer to be formulated in the coating composition of the present invention, for example, an 
alkyl etherated amino resin or an isocyanate type compound may be employed. 

55 When an alkyl etherated amino resin is used as the curing agent, or when a copolymer 55 
mixture and an alkyl etherated amino resin are used as the curing agent, the ratio of the 
copolymer mixture and the alkyl etherated amino resin used is preferably 55/45 to 95/5, more 
preferably 60/40 to 80/20, based on weight. On the other hand, when an isocyanate type 
compound is used as the curing agent, th ratio of the copolymer and the isocyanate type 

60 compound used is pr ferably 0.3 to 1.5, more preferably 0.5 to 1.0, in terms of the molar ratio 60 
of the isocyanate group/hydroxyl group. 

If th amount of th alkyl etherated amino resin used is more than the above rang , a mutual 
reaction between the alkyl etherated amino resins is likely to occur, whereby the flexibility, etc., 
of the coating will be lowered, but conversely if the amount is too small, a satisfactory curability 

65 can not b obtained to give a low crosslinking density, whereby the weathering resistance, 65 



GB2192399A 



solvent resistance, and dirt resistance are undesirably lowered. As ^ n *Vlrt£^ OT.no 
resin for example, melamine resins, urea resins, benzoguanamine 

tion such as methyl etheration, butyl etheration, isobutyl etheration, methyl butyl mixed ethera 
on etc ma^be employed. Also to accelerate the curing, an acid catalyst (e.g.. sulfonic acid 
5 voe SttlyTt such as p-toluene sulfonic acid, etc.) can be added, rf necessary. 5 
Y On?he Ser hand, rf an isocyanate type compound is outside the above range a large 

ene diisocyanate, phenylene diisocyanate. isophorone diisocyanate. and the i like. .Abo ^ as the 
poTyisocyanate compound subjected to blocking those °btamed by bloc^g ^ ^ " 
15 ate compound as mentioned above with a blocking agent may be employed ^ and samples or 
?he blocking agent may include phenol type, alcohol type, mercaptan type. ox.me type, .mine 

TsTheStm available in the second embodiment of the present invention, for example 
inorganic tinting pigments such as titanium dioxide, zinc ox de. chrome yellow et 'n°'gan.c 
20 exVender pigmems such as barium sulfate, talc, etc., organic pigments such as azo type. 
Scridonl ™pe Perylene type, cyanine blue type, carbon black, etc.^ can b«H s « d - J^ese 
2"gments are formulated in a conventional manner generally in an amount of 1* to 50% by 
pig iiomo a ,.._i„ h i- in thn Mse of an moraanic pigment, and 5% to a 



45 



50 



60 



16.9 parts of styrene, 7.3 parts of methyl methacrylat , 46.5 parts oi thyl xyl ^acryiat 
' 16.2 parts of hydroxyethyl methacrylate and 3.1 parts of m thacryUc acid, and 0, parts of 
65 azobisisobutylonitrile over 4 hours, and further, polymerization was carried out at the same 
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20 



30 



aC ?LTcJ& to the present invention, in addition to the essential 

comp^nen^ any desired component generally formulated in paint ^compo- 

sSnTof he Prior art can be included so long as the desired '^T^SS^S^ 
30 are not impaired. Such components may include organic solvents su a^ychc. 
aromatic hydrocarbons, esters, ethers, ketones, alcohols, (generally 1% to 90% by weight), etc., 
and further, other conventional additives can be formulated. 

35 tE SThe e following, the present invention is described in more detail by referring to Examples 35 
wMch 7n no Jay mit the scope of the presem invention. In the following Exarn^ % and 
"parts'' indicate "% by weight" and "parts by weight", unless otherwise specified. 

Examples 1-4 and Comparative Examples 1-6 Preparation of Formulated Components ^ 
40 (1) Preparation of Fluorine-Containing Copolymer (A) oro duced bv Asahi 

A 50% xylene solution of a: fluorine-containing copolymer (Lumiflon LF-200. p oduce * I by Asan. 
Glass KK ) was prepared. This fluorine-containing copolymer had a hydroxy! value i of 52 
frngKOH/g) Tnd I ^solubility parameter value of 9.8 (hereinafter called fluonne-contain.ng co- 
polymer A). 45 

(2) Preparation of Silicon-Containing Copolymer (B) u^« te j ♦„ inK«r nnrf to 

A solvent mixture of 90 parts of xylene and 10 parts of MIBK was heated to 105 C and to 
this miSure was added a mixture of 10 parts of a silicon-containing monomer having a structure 
of the formula: 50 



/ CH 3 CH 3 

CH 2 =C | | 55 

55 \oO-C 3 H 6 -Si-0-Si-C 3 H 7 

CH 3 CK 3 



60 



65 
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temperature for 2 h urs. 
The silicon-containing copolymer obtained had a solubility parameter value of 9.8, a hydroxyl 
■ . . value of 70 mgKOH/g, and an acid value of 20 mgKOH/g (hereinafter called silicon-containing 
copolymer. B). 

5 

(3) Preparation of Acrylic Copolymer Resin (C-1-C-3) 

The solvent with the composition shown in Table 1 was heated to 105°C, and the mixture 
comprising monomers with the composition and the polymerization initiator shown in Table 1 
were added dropwise thereto over 4 hours, and further, polymerization was carried out at the 
10 same temperature for 2 hours. 
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Table 1 



15 



20 



25 



30 



35 



40 



45 



50 



Resin 


C-l 


C-2 


C-3 


Composition: 


'■ 






Solvent i 








Xylene 


90 


90 


90 


MIBK 


10 


10 


10 


Monomer; 








Styrene 






16.9 


Ethyl acrylate 


31.0 


8.6 




Methyl methacrylate 


29.5 


25.3 


7.3 


Ethylhexyl methacrylate 


20.2 


46.8 


56.5 


Hydroxyethyl methacrylate 


16.2 


16.2 


16.2 


Methacrylic acid 


3.1 


3.1 


3.1 


Polymerization initiator 
(Azobisisobutylonitrile) 


0.7 


0.7 


0.7 


Solubility parameter value 


11.0 


10.5 


10.0 


Hydroxyl value (mgKOH/g) 


70 


70 


70 


Acid value (mgKOH/g) 


20 


20 


20 



15 



20 



25 



30 



35 



40 



45 



50 



(4) Curing Agent 

D-1 Sumidule N-75, produced by Sumitomo Bayer 
Urethane Co. (urethane type curing agent, 
55 s lids 75%) 

D-2 Cyme! 1130-254J, produced by Mitsui 
Cyanamide Co. (mexhyi butyi mix d 
etherated melamine resin, solids 80%) 
D-3 Uvan 20N-60, produc d by Mitsui Toatsu 
60 Qo. {butyl eth rated melamine resin, 
solids 60%) 

The curing agents D-2 and D-3 had solubility parameter values of 11.0, 11.3 and 10.1, 
respectively. 



55 



60 
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Table .2. 

Table 2 



Exanple Ctrnparative Example 



10 


Component 




2 


3 


4 


1 


2 


3 


4 


5 


6 


no 




A 


39 


39 


39 


39 


39 


39 


78 


- 


- 


- 




15 


c-i 


39 




39 




39 






78 






15 




C-2 




39 




39 










78 








C-3 












39 








78 


20 


20 


D-l 


6.9 


6.9 








17.7 


17.7 


17.7 


17.7 


17.7 






D-2 


wm 




12.3 


12.3 




























16.3 












25 


25 


D-3 






















Solves so 100 


7.0 


7.0 


5.0 


5.0 


7.0 


7.0 


7.0 


7.0 


7.0 


7.0 






. Solves so 150 






5.0 


5.0 














30 


30 


Xylene 


3.0 


3.0 






3.0 


3.0 


3.0 


3.0 


3.0 


3.0 





(Note): Solvesso 100 and Solvesso 150: 35 
35 Aromatic hydrocarbon, solvents produced by Exxon Chemical 

TK&SWd* steel p,te chemical* treated with zinc phosphate oj 

mm, which was further subjected to cationic electrodeposition (Power Coal U-500. producec i by 

40 Nippon Paint- Co.), an intercoating (Orga OP-2 Gray, produced by N.ppon Pa.nt Co.) and a top 40 
coating (Orga G-65 White, produced by Nippon Paint K.K.), a clear coating ^ material ad justed to a 
vrscS of 20 seconds by #4 Ford Cup with a solvent mixed at a ratio of Solvesso 100. 
Sl c ] cniw^Vo 150 of 5 • 3 • 2, was applied to a film thickness of 30 fim, was then 
afied to^!t° rroom 'temperature for 7 minuses, and was baked at 140°C for 30 minutes to ^ 

45 prepare a test piece. 

° t^^S 8 ev%^ tests of the coatings obtained above were conducted respectively. 

50 

50 (1 \^ h che V ckerpieces were cut on the test strip, in accordance with J.S-K-5400 M5 and after 
a commercially available Cellophane tape was pressure adhered thereon, the tape was at once 

off andl the checked pieces remaining on the test strip after peelmg were counted to 
confirm the adhesiveness between the overcoating and the clear coating. gg 

55 

%TCZT*7we4 above, a clear coating materia, adjusted to '^J™* J- 
aonSed and aaain baU at 140°C for 30 minutes. The test piece was tested according to the 
method of (1) to confirm adhesiveness between the cl ar coating ana xne c.e«.r u 0au n a . ^ 

60 

^Sng^prepared above was subjected to measurement of the contact angle with 
water by use of FACE contact angle f rm produced by Kyowa Kaimen Kagaku Co. 

65 

65 (4) Weathering Resistance Test 
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A natural exposure for 2 years was carried out in Okinawa, and the gloss of the coating 
gloss) was measured. 
The results were as shown in Table 3. 
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Examples 5-8 and Comparative Examples 7-8 

Coating compositions with the compositions shown in Table 4 were prepared as described in 
Examples 1-4 and Comparative Examples 1-6, and their performances were evaluated. 

The results were as shown in Table 4. 
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Examples 10-11 and Comparative Examples 9-10 . 

AVshown in the formulations of Table 5, 39 parts of the acrylic : resin an 40 parts of 
titanium dioxide were premixed according to a conventual ™ thod ;. a o n ^ 
bv a sand grind mill (hereinafter called SG mill), followed by mixing the remaning res.ns as a 
dissolution resin, curing agent, and xylene, to prepare white coating materials. 

Table 5 



10 



Example 



Comparative 
Example 



10 







10 


11 


9 


10 




15 


Fluorine resin 


A/39 


A/39 


A/39 




15 




Acrylic resin C- 


-1/39 


C-l/39 


C-3/39 


C-l/78 




20 


Curing agent D- 


-1/17.2 


D-2/12.3 


D-l/17.7 


D-l/17.7 


20 




Titanium dioxide 


40 


40 


40 


40 




25 


Xylene 


10 


10 


10 


10 


25 



On a substrate of a dull, steel plate chemically treated with zinc phosphate wh.dv ^further 
subjected to cationic electrodeposition (Power Coat V-500, produced by Nippon Paint CorpJ, an 
30 hSffini (SbTot-2 Gray, produced by Nippon Paint Corp.), the above whrte coating matenal 
Sated S a vfscosity of 20 seconds by #4 Ford Cup with a solvent at a ratio of Solvesso 
lSS?xlne-5 5 w2 appfed to a film thickness of 40 m . was then allowed to set at room 
temp^uTe for 7 minuteX and was baked at 140'C for 30 minutes to prepare a test piece. 
The performances of the coatings obtained were as shown in Table b. 



35 



30 



35 



Table 6 



40 



50 



Example 



Comparative 
Example 



40 





10 


11 


9 


10 




\ 


Finished appearance 


o 


o 


X 


o 


45 


7 


Adhesiveness 


100/100 


100/100 


100/100 


100/100 






Recoating adhesiveness 


100/100 


100/100 


100/100 


100/100 


50 




Contact angle 


90 


90 


84 


74 






Weathering resistance 
60° gloss retention 
after 2 years exposure 
in Okinawa 


92 


87 


72 


42 


55 





60 Examples 12-15 and Comparative Examples 11-16 

As shown in the formulations of Table 7, 39 parts of the resin C-1, C-2 or C-3 (39 parts of 
the resin A in the case of Comparative Example 13 and 45 parts of the component E-1 were 
preS^Sfng to a conventional method, then dispersed by a 

Red Devil Co.), and further mixed with the remaining resin components as a dissolutin resin, tne 
65 curing agnet, and the solvents to prepare white coating matenals. 



60 



65 
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On a substrate of a dull steel plate ch«*-W S^iKS by 

mm which was further applied with a g^Jg^^ byN^pon Paint), a clear 
Nippon Paint Co.) and an art rcoatrng (0 ^0^'^ dup with a solvent mixed at a 
coating material adjusted to a viscosrty of 20 ^seconds by « r h ^ g fi|m thj of 

"^SSK th? coSs obtained was conducted as in Example 1. The resufcs were as 

shown in Table 7. 
10 Table 7 




15 Component 



20 



25 



30 



35 



U 12 13 14 15 16 



A 

C-l 

C-2 

C-3 

D-l 

D-2 

D-3 

E-l 
Solves so 100 
Solves so 150 



12 13 14 15_ 
39 39 39 39 39 39 78 

_ 39 - 39 - 78 



39 



- 39 



- 39 



- 78 



- 39 



- 78 



6.9 6.9 - " - ".7 17.7 17.7 17.7 

- 12.3 12.3 ------ 

- 16.3 - 

45 45 45 45 45 45 45 45 45 45 

7.0 7.0 5.0 5.0 7.0 7.0 7.0 7.0 7.0 7.0 
5.0 5.0 

3.0 3.0 - - 3.0 3.0 3.0 3.0 3.0 3.0 

86 90 73 76 82 



Xylene 

40 contact angle 90 90 90 90 78 

Gloss retention 90 90 86 88 72 
after 2 years' 
._ exposure in 
45 Okinawa 

Finished o o o o t 

appearance 



70 92 62 64 67 



(Note 1) : Component E-l » Titanim dioxide 

„ (Note 2) : Solvesso 100 and Solvesso 15 ° ! petroleum 
55 Aromatic hydrocarbon solvents produced cy smexx «" ulo « 



Examptes J6-23 and Comparative Examples 17-22 ^ described in 

The results were as shown in Table 8. 
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10 



15 



* Pigment 

E-1 Titanium dioxide 

E-2 Hostaperm yellow H3G, produced by Hoechst Co. 
(azo type) 

E-3 Sinquasia Red YRT759D, produced by Du Pont Co. 

(quinacridone type) 
E-4 Pariogen Red L3910D, produced by BASF Co. 

(perilene type) 
E-5 Alpaste 761 ON, produced by Toyo Aluminum Co. 

Examples 24 and 25 and Comparative Examples 23 and 24 

The coating materials with the compositions shown in Table 9 were prepared as described in 
Examples 16-23 and Comparative Examples 17-22, and their performances were evaluated. 

The results were as shown in Table 9. 

Table 9 



10 



15 



20 



Example 



Compara- 
tive 
Example 



25 




24 


25 


23 


24 


A 




19.5 








B 


39 


19.5 


78 




30 


C-l 
C-3 


39 


39 




78 


35 


D-2 


12.3 


12.3 


12.3 


12.3 




Solvesso 100 


5.0 


5.0 


5.0 


5.0 




Solvesso 150 


5.0 


5.0 


5.0 


5.0 


40 


Recoating adhesiveness 


o 


o 


X 


X 




Contact angle 


86 


88 


86 


79 


45 


Weathering resistance 
60° gloss retention 
after 2 years exposure 


99 


101 


98 


84 



20 



25 



30 



35 



40 



45 



in Okinawa 



50 

As described above, the following effects can be obtained by using the coating composition 
according to the present invention. That is, according to the present invention, through the layer 
separation phenomenon of two specific kinds of resins, a coating having an excellent appearance 
and deep tone of the upper clear layer and the lower pigment layer can be obtained, and the 

55 characteristics of the resin in the upper clear layer can be imparted as the surface characteristics 
of the coating in a small amount. Further, compared with the composition formed only with a 
cop lymer resin and a curing ag nt, an excellent adhesiveness to the substrate, and an excellent 
economy with a superior weathering resistance can be obtained. Further, in a c mposition 
containing a pigment, by dispersing the pigment with an acrylic resin with a high sp value, for 

60 xample, a fluorine resin with a low sp value can be floated to the upper layer, whereby a 
superior ffect can be obtained such that the finished appearance is also improved. 

CLAIMS 

1. A coating composition comprising: 
65 (i) a mixture f copolymers comprising (a) 10% to 90% by weight, in terms of the resin solid 



50 



55 



60 



65 
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content, of a copolymer having an active hydrogen group and (b) 90% to 10% by weight, in 
terms of the resin s lid content, of an acrylic copolymer resin having a solubility param ter 
greater by 0.5 or more than that of said copolymer and having an active hydrogen group, and 
(ii) a curing agent having a solubility parameter greater by 0.5 or more than that of said 
5 copolymer. 5 

2. A composition as claimed in claim 1, wherein said copolymer is at least one of fluorine- 
containing copolymers and silicon-containing copolymers. 

3. A composition as claimed in claim 1, wherein said copolymer is fluorine-containing co- 
polymer comprising 40 to 60 mol% of fluoroolefin, 45 to 5 mol% of cyclohexylvinyl ether, 15 to 

10 5 mol% of alkylvinyl ether, and 0 to 30 moI% of another copolymer. 10 

4. A composition as claimed in claim 1, wherein said curing agent is an alkyl etherated amino 
resin, an isocyanate type compound, or the mixture thereof. 

5. A composition as claimed in claim 1, wherein a weight mix ratio of said mixture of 
copolymers to the alkyl etherated amino resin is 55/45 to 95/5 in terms of a ratio of the solid 

15 content. 15 

6. A composition as claimed in claim 1, wherein the weight mix ratio of the mixture of 
copolymers to the isocyanate type compound is 0.3 to 1.5, in terms of a molar ratio of 
isocyanate groups/hydroxyl groups. 

7. A coating composition comprising: 

20 (i) a mixture of copolymers comprising (a) 10% to 90% by weight, in terms of the solid 20 
content, of a copolymer having an active hydrogen group and (b) 90% to 10% by weight, in 
terms of the resin solid content of an acrylic copolymer resin having a solubility parameter 
greater by 0.5 or more than that of said copolymer, having an active hydrogen group, and also 
containing dispersed pigment, and 

25 (ii) a curing agent having a solubility parameter greater by 0.5 or more than that of said 25 
copolymer. 

8. A composition as claimed in claim 7, wherein said copolymer is at least one of fluorine- 
containing copolymers and silicon-containing copolymers. 

9. A composition as claimed in claim 7, wherein said copolymer is a fluorine-containing 

30 copolymer comprising 40 to 60 mol% of fluoroolefin, 45 to 5 mol% of cyclohexylvinyl ether, 15 30 
to 5 mol% of alkylvinyl ether, and 0 to 30 mol% of another copolymer. 

10. A composition as claimed in claim 7, wherein said curing agent is an alkyl etherated 
amino resin, an isocyanate type compound, or the mixture thereof. 

11. A composition as claimed in claim 7, wherein a weight mix ratio of the mixture of 

35 copolymers to the alkyl etherated amino resin is 55/45 to 95/5 in terms of a ratio of the solid 35 
content. 

12. A composition as claimed in claim 7, wherein a weight mix ratio of the mixture of 
copolymers to the isocyanate type compound is 0.3 to 1.5, in terms of a molar ratio of 
isocyanate groups/hydroxyl groups. 

40 13. A layered coating having a top coat derived from the composition of claim 1. 40 

14. A layered coating having a top coat derived from the composition of claim 7. 

15. A coating composition, substantially as hereinbefore described with reference to any one 
of the foregoing examples. 

16. A layered coating, substantially as hereinbefore described with reference to any one of 

45 the foregoing examples. 45 
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